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Modcrn mining mcthods and equipment, a gravity'based concentra'

;;;; i'il;li require only fwe'process pump' and metric daign

rr. ii. rrigrtiieltl of The nnicondd Co.'s iarr Fork project in Utah'

"i."-0r,fr*'iion 
is scheduld to begin in latc 1979' Tic l2'70G

;;il#il;tii-i."a .opp.t ore grading l'8470 Cu to a 9'00Gmtpd

olant. wirh full production to be reached abut a year alter startup'

ffi;;.;,;;iL will include molvbdcnum, gold' silver' and magne'

titc.
tarr Fork, located adjacent to Kennecott's Bingham Canyon

oo.*i,-titl,25 mi southwat of Salt Lake City' will cost an

;ffifu itit tnitG .na will produce 45,000 to- 55'000 mtpv of

.ooo",conruin.ainconcentrates.oneofthevery.few.underground
;;g;;i;; Jeveloped in the US in thc past decade' Carr Fork

"iff 
rrt. use of a varie'.y of cquipment that has come onto thc

;;;il i; i.ont y*tt. i{aggtuna-i leders. (sec. cover)' five-car

tiriirl ti.i.t, and tweboom iitas Copo drill jumbos are in use for

dwelopment. and rubbcr'tired LHDs will bc used lor orc recovcry'

The main haulagc systcm will includc two trains of Asea l2+u-m

;;;,;.h irainLitig made up of 
-18 

cars. moved by two ceneral

ir*',ri. io-,.. Iocom-otives. The trains can bc controlled from either

to.o-toii"., with the second unit responding aulomatically to thc

;;;,;;{;;ands. Thc trains can iiso bc radio-controlled by an

"i"i.,"t 
at the loading chute. Thc systcm is hing built to conven-

tional US railroad standards'" 
iont.ntion"t btastholc methods may h uscd to-minc the Carr

Fork ore, but managcment is also planning usc of Canadian Indus-

irio id.i-p.,..ti "Vertical Crater Retreat" method' Project

*.n.s., Art Ditto comments: 'This method has bccn a fact of lifc

i;; i#; ycaa. tt employs essentially-the same.proccdures wc havc

;'iiJ;;,fi;ted using-nothing differcnt with rcspct to dcrelop

;;;;l;iil:;ii ao",-.na to on] tt's simptv a variation' and it has

i't'. oot nti.iio eliminate somc developmcnt work and also to utilize

:;;lffi;';;;. .ii*i'.rv. It has ihc ptential to reduce blast

iit"ti'gi trtt*ir,oui trtt minc and at the samc time produce better

iragrlnntioni tt's a very significant.devclgpTq$'..-
rtcaus" Anaconda management elected to butld. the concenuator

in thc st€cD, nrrrow onyon"*here the production.shaft headframe is

i*jiii, a&g.iig ,rt. prt.t 
'"ts 

"noi going to be thc easy job. of

il;;ilil itt. ti'aarc of a big ficid and wrapplls a building

;;;;;? ii.; Mill equipment manufacturcd to sundard. English units

;;;;.;-c"lil-on'to'tttc rnttric system of mersure that Anaconda

adopted throughout most of the Carr Forlr Prg1ect: .--drr 
Fork i thought to be thc fint US minc designd from the

Ucg,nnirU aiounJ the"metnc sptem' Managemcnt thinking was that
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the country will eventually convert to metric measure, so starting out

with mctrics at Carr Fork would be a plus. Convcrsion at a later date

would only create problems, and maintaining a set of records and

rnap in both English and metric uni6 would be burdensome.

Desoite cost escalations and inflation' the Carr Fork project has

r.nr[.d to remain close to budget and on schedule. Cost estimates

arrived at in the feasibility study conducted in 1974 have proven to

be very close to actual construction costs.

In building Can Forh Anaconda philosophy has been to us€ the

services of tfie emptoyees who will oprate the complex. Mining-
being an art as will as a science-reflecu the experience of all the

peopie involved, the company feels, so those now-on board" will run

ihe'proiect when it comes into production. To offset a serious

shorugi of underground mincn in the projcct area, Anaconda

initiatJd a "head start" underground miner training program in the

spring of 1977-more than two years ahead of the scheduled

otoa'iaion date-with trainees recciving four months of classes and

bractical instruction before going to work in the mine. The program

mav be expanded in thc future to include concentrator pnonnel'

tN BINGHRfYI DISTRICf slNc€ t9l4
Anaconda, which acquired the Carr Fork property in 1948' has

becn active in the Bingham district since 1914, when The Interna'

tional Smelting & Rehning Co., a subsidiary, built a 
-custom 

smelter

near Tooele, 
-Uuh. 

To *ablish stablc sourccs of smclter feed,

Anaconda acqliicd interess in various proprtics and.companies.in

the district, and by the mid'1930s' it held a substantial interest in the

arex west of the Bingham pit. Five of the compania in which

Anaconda had intersd subsqucntly consolidatcd to form National

Tunnel & Mines Co., which divcloped the ltrst underground copper

Carr Fork blasthole mining method
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mine in that part of the district.

, 
To transport ore from the Utah-Delaware mine to the Internation-

al concentrator and smelter, National Tunncl & Mina began
driving the 27,00Gft Elton ruanel in 1937, completing th" p;oie;il;
1941. The company continued to.operate unril t'e+2. iurini tt nexi
year, Anaconda ac{uired ail of thc National Tunnel & ffi;*;t,
and lands, rncluding the Can Fork claims. A 2Gyear exploration
program on thc prop€rties eventually promptcd extinsive Ar, ;;it
rng, startrng rn_l969. Bv 1973, drillen had delineated the yampa
and Highland Boy orebodies that are the basis of thc Carr Fork
mtne.

.,T_.^-9T l*f d:fr:l lie under rhe western flank of thc Oquinh
Mountarns at a deprh of 610 to I,930 m. The orels a skarn formed in
two rrmestone units encrosed by quartzites, ail of which are pennsvr-
vanian in age. During the Critaccous, the hds *.r. f.ij.a-irt.i ,
senes 0t northwest-trending asymmetric anticlines and synclincs.

!1r, 1 l,uttiple 
intrusivc seqyelce of rocks ranging in compsition

rrom quartz monzonites to latites resulted in lormation of the

fingham porphyry.ore and, praumably, of spatiaily asociatJ
:y11, rlssure, and replacement depsis. Subsequent faulting
plqu.cd a complcx structural pattern and several lirge strucrural
blocks.

The Carr Fork orebodies have averagc overall dimensions 0f900 x
1,000 m,..and thcy exhibit exceptionll continuity. There are no
unmineralized zoncs within curently defined boundaries. The two
mineralized limesronc beds range in thickness irom iS m to 75 m.
Dip range from vertical to 20',1nd thc strike uaries irom easr-wesr
to northeast-southwest. Hangingwall and fmtwall rocks are general-
Iy unmineralized .quaruita, with the exception of som. rnino, areas
0t copp€r mrnerahzltlon in the hangingwall. The ore is moderarelv
hard and rough. Waste rock is hard, br-iule, and n.il fra.iuiJ. 

--'

f{IINC S€RV€D BY FOUR SHRFTS

.Four circular, concrete-lined shafts will servicc the Carr Fork
mine. Three-the production, servicc, and exhaust aii shafts_wire
sunk from the surface. while the fourth_a fresh air shafr_is
collared nmr the end of the-1,830-m pine Canyon tunnel (see mine
cross secrion). A Watson four-boom jumbo ind t*o Ciyderman
muckers were used in sinking cach of thc shafs.

. Shafl-sinking crews bottomed the 5.79_mdia production shaft ar
1,153.36 m_ in late 1978, with crews from Anaconda and peter
Kiewit & Sons both contributing ro the work. The iinting rate.
including all srations and delays,-was 1.2 m per da,v e Noiriberg
double{rum, double-fricrion-clutch hoisr powered by a 2.25Ghi
moror was used to sink the shaft.

..-1:-r:1i:. shalt is comptete ro a deprh of I,172 m and is being
us€d t0 horst waste as well as_men_and supplies unril the producrioi
l9ll 9"ql* opcrationat. The 5.79-m-dia shaft is irtted wirh a

9,9m:hp Nordberg double{rum, positive<lutch hoisr, a t,1.5-mt
Lrkeshore skip, and a72-man cage. The hoist speed is 670 m per
min.

. Anaconda mine planners decidcd to sink the fresh air shaft
lnternaily to rcducc costs and to make bctter use of manpwer and
equipment. The 5.5-miia shaft will be bouomed at 1,070.Jj m. Thc
Pine Canyon acc€ss tunnel will be used only for air'intake and for
servicing the shaft.

_ !Ft.n Mining & Consrrucrion Co. sank the initial 760 m oi the
1,024-m-decp, 6.7-m-dia exhausr air shafr. Sinkins of this shaft will
rcsumc in 1979, and threc axiai flow lans eventuall-y wiil be insralled
at the collar of the shaft.

970 RilD 1,200 fnRN t€v€ts
. 
Carr Fork mine deveiopment is in progress on marn lcvels at

elcvatrons of 970 and 1,200 m above sea level. Driis acivance at the
rate of.abour.T m pr day. The 1,100 level is 4.5 m high x j.7 m wide

1n-o.y"] 
provrde general access to rhe mine workings. The 970 level is

a.5 high x 4 m wide and will be used for main ha-ulase.
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Development equipment on the 1.200 level includa twoboom
electric/hydraulic Atlas Copco jumbos; a Hagglunds loader and
five-car shuttle train: and two 22.7-mt Plymouth diesel locomotives.
ANFO is used for blasting wherever posible. and lreco 38-mm
water gel or J2-mm gel is used in all other cases. A Getman scissor
truck is used for loading blastholes.

On the 970 level. equipment now in use includes two 3.8-cu-m
Jarvis-Clark LHDs and a twoboom jumbo. In the near futurc, a

Hagglunds loader will replace the LHDs.
An Ingenoll-Rand RBM-7 raise borer will be placed in service to

op€n orc and waste pases and ventilatidn raises. The first sublevel is

now being driven into thc Stecp Highland Boy orebody by Thyssen
lv{ining & Construction crews.

Future development work to maintain production is expcted to
avcrage about I 1,000 m p€r year, including drifrs, croscus, ramp,
ano ralses.

PTSNS FOR VCR

In thc Vertical Crater Retreat blasting merhod now planncd for
usc at Carr Fork, in+he-hole drills sink large{iamcter holes irorn
the top sill, through the ore, to an undercur draw opning. Spherical
explosives charges are placed at a calculatod oprimum distancc
abovc the back. and a horizontal thicknas of ore is blasted down-
ward into the undercut area. The procedure is repeared upward until
the top sill is reached and blasred into the srope.

Regardless of thc mining method used ar Carr Fork, blastholes
will bc drilled t65 mm in diameter using in-the-holc drills. Srope
geomelry will varv to accommodate the outlines of the orebodv. ln
inciividual stop€s. one or two drill drifrs will be opencd at the rop of
thc ore, and trackles draw ooints and an undercut drift will be

74

located 45 m to 50 m below thc drill drifts. Stop and pillar
dimensions will depend on rock strength. When necessary'. mined-out
stopes will be backfilled prior to pillar recovery, with fill obtained

from development waste and hangingwall cave.

Thc main pumping system foi the mine is still bcing designed,
with eventual flows expcted to reach 10,000 liters per min. C-5 and

D-5 A-S-H pumps are currently in use underground.

Carr Fork production crews will begin mining near the top of the

vcrtical s€ction of the Steep Highland Boy orebody, advancing along
. the strike of the mining horizon. Successive sublcvels will be worked,

moving downward through the orebody. When fully developcd, the

minc will have threc producing areas-the Steep Highland Boy, thc

Uppr Highland Boy, and the Upper Yampa.
LHDs having 3.8-cu-m-crpacity buckets will transfer ore to

2.13-m{ia transfer raises cquippd with 0.76-tn grizzlies and spaced

to limit haulage disunces to an average of 100 m one way. Main ore
passes will be nised 2.44 m in diarncter through competent.

unmineralized limestone lrom the 970 main haulage level. Ore
loaded into l2<u-m bottomdumo cars through widc-mouth arc-gate

chutes will be hauled 2.300 m !o coarse orc bins.

From the two 60Ston coarse ore bins, muck will feed to a 1.829-m

gyrator.v crusher over a 1.83 x 6.10-m vibratory feeder. Crushed ore

will movc to two 2.50$ton fine ore bins, and waste will report to a

2.000-ton waste bin. A 48-in. belt conveyor will transfer the materisl

to skio lmding pockes on the 970 level.

$60 fnftuol{ FoR fulltl To DRT€

Anaconda has invested 560 million in the Carr Fork mill so far,

with Sll million going for new equipment. Some equipmcnt was

obmined from other Anaconda operations and was rebuilt. Anacon'

€EfllJ.lar,ruaRv tgzg



Hodem eqdprnt provides mr.sde for
Carr Fork's und€rground operatiom.
Seen here are flagglunds ore c€rs, a
lowgrofile road Eader, a lrontsld
loader, ajackleg drill, and a shotcrete
aooficator.

da engineen designed the flowsheet, and Bcchtel Corp. is providing
construction..management. Concentrator superintendent Jeff But-
well. who will manage the plant after startup, has been with the
project stnce lt began.

Anaconda considers itself conservative when it comes to designing
and building crushing plants, and the company has come up ,"iit ai
extra-husky plant for Can.. Fork. Equiiment includes Nordberg
quhersr Tyler screens, Falk driva, 

'and 
Jeffrey belt conveyors.

Coanc fccd to thc 7-ftdia Standard cone crushei is controlled by
power draw. Rheostats connecred to apron feeds wilt bc adjustei
manually by an operator to keep a 20Gton-capaciry surge bin full,
ahead of scr€cns that are installed ahead ol two Z_ftila Strort Heai
crushcn (sec flowsheet).

Thrcc slot-type feeden under a 10,000-ton-live-capacity finc ore
stockpilc feed to a 36in.-wide conveyor hlt, which ii conirolled by
thc fced ratc, and thc ore then advania to the rod mill. The Koppers

$ldtrg.: grinding rnilts include the 14 x 2Gft rod ,itf, . f O,A *
29-ft ball mill, and twogt/z x l5-ft regrind ball mills. Kiebs cvclonc
chsifiers producc a circulating load of 3002o for tirc Uati miit.

.8,:T.l* stecl consumprion inihe rod, ball, and regrind mills will
oe!./U lb per mt, 0.94. lb per mt, and 0.06 lb per mt, rcpecrively.

. . 
P-oler consumprion in the primary grinding circuit wili be aboutll.l -9 pcr ron ro drivc the 2,00Ghp rod mlt, S,OOO}p ball milt,

and 60Ghp regrind mill.

_ fhc grinding circuit is close<ircuited with the cyclones, whose
fccd dcnsity will bc mcasured by an Ohmart density'gamma gauge
and adjusred.by adding water as n.c.sury. Milling anjclassificarion
wrrr rcouc€ the ore ln sizc to 100 mcsh, rather fine for a copper ore
but helpful in achicving 

^ 
94Vo rccovery .;;te.

Cyclone overflow will report to a l7-cell rougher flotation circuir
comprsed of 500+u-ft cells. Rougher concentraie will then reporr ro

the two ball mills in the regrind circuit, and regrind mill discharge
will be-pgmpcd ro four l5-in. cyclones. This iyclonc overflo,", it
minus 325 mesh, will advancc to iwo cleaning stag6, the first being
a four-cell cleaner circuit and the second bei-ng a-two<cil rccleaner
circuit. Flotation cells of 300+u-m capacity-will be used in thc
cleaner circuits.

Tailings from the rougher cells will be pumpcd to threc 26_in.
cy.clones 

.for sand separatio.n. 
_Cyclones overt'low will discharge to

tailings 
-dispsat, while underflow will report to a circuit oi five

500-cu-ft sand floution cells. Sand flotation conc€ntrate will b€
pumped to the regrind-circuit cyclones by two E x l0 Caligher
pump6.

.Cleaner tailings will flow to six 300+u-ft scavenger cclls, and
tailings from this circuit will discharge to tailings iirp*"t. n.
sqrvenger conccntratc recycles to the rcgrind circuit.

Recleaner @nc€ntrate will report to a 125-ft{ia Don_Oliver
thickencr, wherc it will be thickend to 6S-70Vo solids. Thickener
undcrflow.will report.to two 2O-fr-dia storage tanks quippd with
Denver agitators. Moisture in the concenrrari slurrv wifi bJreduce/
to l2Vo by filtration with two l2 x l8-ft Ametek drum filten havine
a.total filtering area of 1,360 sq ft. The filrers are equippcd for strin!
lischarge. Filtercake will be conveyed to a 2,00G,mti'pacity stockl
pile.

. .Filter tailings will report to two 225-ft-dia Dorr-Oliver tailings
thickeners. Overflow will be returncd to the mill for reusc, and
underflow will flow by gravity through an l8-in.dia, rcinforccd-
concrete pipclinc to the tailings pnd for settling.

Concentrate loaded into truils by a front--cnd loader will be
hauled 9 mi to the main line of thc Union pacific railroad. From
there, the concentrate will move bv rail to Anaconda's smclter ar
Anaconda, Monr. Blisrer copper produced ar Anaconda will be

€EtlJ Jnr,runnv rgzs



Th€ iteep slope of Pine Canyoc permitted Anaconda to destgn an energyetficient crushing
plant ard concentrator by maximum use of gravity$ased ffow.

shipped. to the electrolytic refinery ar Great Falls, Mont., lor further
processrng.

CRRR FORI{'S COfNPUT€RS
Sincc the beginning of thc project, Carr Fork has undergone four

computer conversions, starting with a 360 Model 20 and then
moving up in size and capability to a l7Gl15, then to a 37Gll5
fo{od 2, and finally to an IBM 27G138. More rhan 2l CRT screens
installed throughout the complex provide quick access to the comput-
er by the various departments. Furthermore,'This is not the last
stagc of conversion. We're probably in thc middle stage, with two or
three stages to go before we reach our pea.k," says Jerry Johnson,
dau processin g supervisor.

The dau processing group services engineering, geology, account-
ing, oflice services, personnel, payroll, purchasing, materials control,
maintenance, projecr control, and senior management of all depart-
ments. CRTS are scheduled to b€ installed in the mill and under-
ground for maintenance and operating service.

At Carr Fork, all systems design and programming work is

predicated on a "data base" concept that places common data files at
the disposal of a variety of users. For example, a singlc geological
data file will be used by employees in the depanments oi gcology,
engineering, rock mechanics, and othen.

Enginering and projea control have access to files that produce
PERT (program evaluarion and review technique) diagrams, and a
procurement program reports the dates when projects must k
started and thc length of time they will take, the dates when
drawings must be complcte, and thc dates for equipmcnt procure-
ment and shipping.

Major computer programs are developd by Carr Fork penonncl,
not bv data procesing speciaiisu. The data base continues to

to

increase, and so, according to Johnson, does demand for computer
timc.

H€RD STRRT UND€RGROUND
Can Fork surtcd its first training class in the spring oi 1977, and

in August ol that year, the fint graduates received certificatcs in
trackless mining procedures. Eight graduates of the chs are
currcntly working full time as miners in mine development.

During the carly stages of mine development. contracrors were

employcd. Now nearly all of the miners are Anaconda employees. At
slartup, the company will ned a work force oi 800, and, according
to a company study, it cannot expect to recruit them from other
mining communitia. Hiring and training of local residenrs is now
sundard practicc, and since few of these new emplovees have
underground mining skills, training lrom scratch is an integral part
of thc projcct. Trainees for underground mining are screened
carefully, and, on thc average, about eight new trainees are selected

cach month, recciving pay irom the start of training. After graduar-
ing, they arc normally paid the going rate for third-clas mincn.
Progress is regularly assessed for pssible promotion, depnding both
on learning and on available openines.

The curriculum includes four major topics: drilling, bluting.
ground support, and mucking. As part of the orienration, sessions are

held on mine satety and first aid. Underground training is conducted
by thrcc coordinators, onc ior each shift. After four months of
training and two months on the job. most trainees are considered to

have the knowledgc and thc skills neccsary for promotion to

Ilfst-class mrncrs.
Oerail. Anaconda fecls it has developed a good format for the

basic training program, which the company plans to continue for the

lifc of the minc.
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t llr::iof the Pine Canyon Tunnel is locaEed approximately north 12o30'
east 1,500 feet f rom the southwest corner of the Sl.lll,lW.l of Sec-
t ion 28 ' T3S, R3l'1, SLB & M. The tunnel extends upstream f rorn the
portal south 83o 27 | east L 47 feet; south 5lo 19 t east I43 feet;
south 46o13r east 2,859 feet; south 46o521 east 768 feet; south
26"15r east ]57 feet; then south B9o15t east 248 feet to the
fresh air shaft. Water from underground mine workings is pumped
up the fresh air shaft and discharged into the tunnel. This
water emerging from Pine Canyon Tunnel is diverted into a precast
concrete ditch through which it is conveyed northwesterly approx-
imately I0 r 000 f eet along the northeast si.de of Pine Cani'on and
then by open ditch northwestly approximately 5r000 feet crossing
the south half of Section 18, T3S, R4tl, to settling ponds located
in the northwest corner of t.he southwest quarter of said Section
18. The service shaft coLlar is located approximately 17o30'
east 1r 343 f eet f rom the southwest corner of t,he SviiNvit of Sec-
tion 28, T3S, R3l^f . WaLer f rom underground mine rvorkings is
pumped up the service shaft and.conveyed via buried pipeline
apProxinately 50 feet in a northetrly direction. The water is
discharged into the sane precast concrete ditch as described
above for Pine Canyon Tunnel water.

The Pine Canyon Tunnel water and service shaft co11ar
water-mix in the precast concrete ditch and follow the afore-
mentioned route to the settling ponds. From the settling ponds
there is an open ditch proceeding northwesterly crossing the
northeast corner of Section 13, then nort.herly across Section 12
to the north boundary of Section 12, T3S, R4ll. The water trans-
ported through this ditch is used for agricultural purposes on
land described in paragraph 17. At a point in the precast con-
crete ditch in the SWlSEtllEt of Section 20, T3S, R4!'1, approx-
imately 7 r000 feet downstream, northwest of the Pine Canyon
Tunnel portal, 4.5 second-feet of water is diverted by means of a
flow interception box and transferred via buried line to mill
concentrator thickener tanks in the liEt of Section 24, T3S, R3W,
f or use as process water and ultir,rately is d ischarged into a
tailings impoundment in the l{E!6, SEh and Sw% of Section 13' the
}fl{t and Swl of Section 24, and the NEt and SEI of Section 23,
T3S, R4W.

During 198I-1982, the Pine Canyon Tunnel water will be
diverted ( underground ) to the Service Shaf t r.rhere all mine water
will be commonJ.y discharged to the precast concrete ditch.

Water from Pine Canyon TunneI and Service shaft
collar sources not diverted from the precast concrete ditch in
the SWlaSIllNEl of Section 20 , T3S, R4I'l f or use as industrial
process water will be retained for settling in the aforesaid
settling ponds. OnIy one (1) pond is in active operatiorr at any
one time, and each pond has \ acre of surfecc area and can retain
approximately 5 acre-feet of water. Water diverted from the
precast concrete at a point approximately 7r000 feet downstream,
northwest of the Pine Canyon Tunnel portal, for use as industrial
Process water is integrated with hrater existing in.the process
system, and is not, discernible after mixing in the thickener
tanks.

In accordance with paragraph L4, 4.5 second feet
of water is diverted at a point in the precast concrete ditch in
the Sl^ilSElXel of Section 20, T3S, R4W f or use as industrial
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